Tissue cultures of fibrogenic cells which form collagen in vitro are a valuable model for quantitative study of the mechanism of this cellular function as well as of problems relevant to pneumoconiosis. We have found a pronounced stimulation of collagen formation in tissue cultures of embryonic chicken lung by silicic acid in a concentration of 0-005M in the medium. Higher concentrations (0 01 M) were inhibitory as were quartz dust particles of 50 to 70 mg. per culture tube, which, during the eight days of incubation, liberated silicic acid in concentrations of an inhibitory order into the culture medium. A low concentration (0-001 M) of silicic acid or of silica dust (5 mg.) was ineffectual as was an inert dust (TiO2) in a high concentration (50 mg.). Evidence is presented that the stimulatory effect of silicic acid is due to a direct stimulation of postulated enzymatic systems taking part in fibrogenesis. Estimation of dioxyribonucleic acid in the cultures indicated that the number of cells was similar in controls and in cultures with increased and reduced collagen content.
The methods of tissue culture have been used in many studies in pneumoconiosis. In none of these studies have the effects of substances stimulating fibrogenesis in vivo been investigated by measuring directly the synthesis of collagenous proteins in vitro, as indirect criteria only have always been used. The phagocytic activity or the degenerative changes as seen in morphological or metabolic impairment of explanted animal cells brought into contact with toxic dust particles have been recorded. Several more or less precise phagocytic indices and dust toxicity tests showing some differences in cellular reactions to inert and toxic dust particles have been designed (Luhr, 1958) . In many instances these criteria were shown to be somewhat unspecific and not too reliable (Belt, Friedmann, and King, 1947) though in some recent studies better results were reported (Marks, Mason, and Nagelschmidt, 1956; Marks and Mason, 1956 ).
Our present experiments are based on the known ability of explanted fibroblastic cells to continue the synthesis of collagenous structures in tissue culture (Porter and Vanamee, 1949) . We measured the biosynthesis of collagen in cultured embryonic chick lung tissue quantitatively under the influences of toxic and inert dust particles and of colloidal silicic acid, a potent stimulator of fibrogenesis in other experiments (Siehoff and Antweiler, 1956; Jotten and Klosterkotter, 1958 Hull and Kirk (1950) and determined spectroscopically at 2-600A (Scott, Fraccastoro, and Taft, 1956 
Results
In five independent experiments, we first tested the ability of our culture system to produce collagen under our experimental conditions. The fibrogenic cells of chicken embryonic lung produced collagen, as shown in Fig. 1 (Fig. 1) . There was no significant difference in the amount of this substance, indicating that cellular multiplication was the same in all our culture groups.
T'hus the differences in the amount of collagen are probably due to a difference in the amount of extracellular substances in different experiments rather than to differences in cellular multiplication. Further experiments were made to elucidate the apparent incongruity of results regarding the stimulation of fibrogenesis brought about by silicic acid and its marked inhibition by silica dust. We therefore investigated in repeated independent experiments the effect of three different concentrations of silicic acid on collagen formation in our tissue cultures (Fig. 2) . In a concentration of 0.005M, silicic acid stimulates significantly the production of collagen measured by an increase of hydroxyproline. In a higher concentration of OO1M silicic acid has an opposite effect and acts as an inhibitor of collagen synthesis. In the very low concentration of 0-001 M, silicic acid has no effect. These results are in agreement with the finding of inhibitory effects of silica dust on collagen synthesis. In the amount used (60 mg.), dust particles of 0-8 ,u dissolve in serum during eight days and give a solution of silicic acid, the concentration of which is of the same order as the inhibitory concentration in our experiments. Table 2 gives the values of silicic acid dissolved in tissue culture medium, and Table 1 summarizes all our results.
If our explanation of the mode of action of crystalline quartz on the fibrillogenetic activity of fibroblasts be correct, lower SiO2 concentrations would not inhibit the biosynthesis of collagen in tissue culture. We therefore investigated the synthesis of hydroxyproline containing substances in cultures with 5 mg. and 50 mng. of crystalline SiO2 added to the medium and in untreated controls. In control cultures there was an increase of 71 % of unincubated blanks; in cultures with 5 mg. of SiO2, there was no significant difference from control values (53 % increase of collagen) whereas in the cultures treated with 50 mg. of SiO2 the synthesis of collagen was again significantly inhibited (P < 0, 01) (Fig. 2) . A further demonstration of this hypothesis is the ineffectiveness of silica dust in low concentration (5 mg. per culture tube).
Discussion
The first quantitative study of collagen synthesis in tissue culture was published by Gerarde and Jones (1953) . These authors reported a great (800%) increase of collagen after 12 days of cultivation differing somewhat from the conditions in our experiments. Recently, Hulliger, James, and Allgower (1957) obtained a 100% increase of collagen in tissue cultures after 10 days of cultivation. These results are in good agreement with our finding of an 80% increase of collagen after eight days of cultivation. In absolute values, this represents an average of 15 ,utg. of hydroxyproline in 100 mg. of wet lung tissue of 15-to 17-day-old chicken embryos and 25 [kg. after eight days of cultivation.
The ability of explanted fibrogenic cells to produce collagenous proteins in tissue culture is thus established, and this experiment in vitro may serve as a valuable model for the study of factors which stimulate collagen formation. Such a technique may be used with advantage for investigations concerned with the mechanism of collagen synthesis as well as for research relevant to the fundamental problems of pneumoconiosis.
In this part of our work we used the tissue culture experiments to study direct effects of silica dust and silicic acid on the formation of collagen. In an appropriate concentration, silicic acid has a pronounced stimulating effect on collagen synthesis in explanted lung tissue. In a high concentration, silicic acid acts as an inhibitor of this function of fibrogenic cells while in a low concentration its fibrogenic activity is lost. James and Marks (1956) call attention to the fact that silicic acid in concentrations higher than 1 67 to 2-67 M is in solution in a polydispersed Our results lead us to the conclusion that silicic acid in adequate concentration stimulates the activity of some enzymatic system (or systems) of the cells which take part in collagen synthesis and was postulated by Jackson, Fitton, and Smith, (1955) and by Jackson and Smith (1955, 1958) on the basis of their experimental work. If this hypothesis be correct our results would bring the first evidence of a stimulation of enzymatic activity by silicic acid. The nature of this activity is unknown, as most of the enzymes tested are inhibted by this substance (Kind, King, Pash, Roman, and Schmidt, 1954; King, Schmidt, Roman, and Kind, 1956; James and Marks, 1956 ).
